Introduction
Nitrate from fertilizers and manure application have been detected in the surface and ground water in many agricultural regions of the country including Iowa. The current practices of fertilizer application methods and rates are believed to be contributing significantly in the contamination of groundwater. Therefore, it is imperative that tillage and planting systems, regarded as best management practices for agricultural sustainability, minimize the potential for chemical runoff and leaching losses to groundwater with alternative chemical management systems. If the potential for contamination is not reduced by developing and successfully demonstrating the innovative nitrogen and pesticide management practices, the potential for contamination will remain and could result in additional regulations. Because of these concerns, researchers must develop alternative farming practices with the goals of reducing the input costs, and preserving the resource base for the sustainability of our agriculture and protecting the environment.
Swine production in Iowa has changed significantly in recent years. Today's animal production systems are becoming larger and the public is concerned about the impacts of animal production facilities on surface and groundwater quality. Of particular concern are the surface runofflosses of nitrogen (in the forms of ammonium-nitrogen, nitrate-nitrogen, and organic-nitrogen) and phosphorus (phosphate-phosphorus and organic-phosphorus), and the leaching losses of nitrogen as nitrate-nitrogen (N03-N). Ammonium-nitrogen can result in fish kills, N03-N has a drinking water standard of 10 mg/1, and phosphatephosphorus can promote the growth of algae and speed up the process of eutrophication in lakes and reservoirs. Organic forms of nitrogen and phosphorus can reduce oxygen levels in surface water resources and further "enrich" the supply of nutrients causing nuisance aquatic plant growth. Another water quality issue is the potential of pathogenic bacteria being transported from land receiving animal manure to water resources used for human consumption and recreation. Therefore, the objective of this study was to evaluate the effects of innovative N management practices on groundwater quality.
Field studies were initiated in the fall of 1993, to evaluate the effects of nine alternative nitrogen (N), tillage, and crop management strategies on N loss to the shallow groundwater. The tillage and N management treatments included the use of the latespring nitrate test (LSNT) and a reduced N fertilizer application rate of 100 lb/ac applied to com grown in a com and soybean rotation with either no-till or chisel plowing as the primary tillage practice {Treatments 1 to 4); and the use of swine manure as theN source for com grown in rotation with no-till soybean {Treatment 5).
Alternate crop management strategies included continuous com fertilized with either swine manure or 120 lb N/ac (Treatments 6 and 7), a narrow-stripping cropping configuration that included com, soybean, and oat followed by aN-fixing berseem clover cover crop (Treatment 8), and alfalfa {Treatment 9).
Methods and materials
The experimental site for this study is located at Iowa State University's Northeast Research Center, Nashua, Iowa. This study site is on a predominantly Kenyon silty-clay loam soil with 3 to 4% organic matter. The study site has 40, one-acre experimental plots with fully documented tillage and cropping records for the past seventeen years. The subsurface drainage system has been in place at this site for more than sixteen years. Tile drainage was installed in 1979 into all of the 40, about one-acre blocks {190' x220'). The tile lines were installed about four feet deep at 95 ft spacing. Each one acre plot has one tile line passing through the middle of the plot another tile line at each of the two borders. The tile lines at the borders help in picking up any cross contamination from the surrounding plots. There are a maximum of ten one-acre plots in a row and plot rows are separated by an uncultivated area of 30 ft width. The tile line installed in the middle of the plot drains about half an acre area. The middle tile lines of all the plots were intercepted and connected to individual sumps in December 1988 for measuring subsurface drainage (tile flow) and collecting water samples for chemical analyses. To monitor tile flow on a continuous basis, each tile sump has a 110 volt eflluent pump, water flow meter, and an orifice tube to collect water samples for water quality analysis. The water flow meters were connected to dataloggers for recording tile flow monitoring data. For water quality sampling, an orifice tube was designed to deliver about 0.2% of the tile water into a sampling bottle each time eflluent is pumped from the sump.
Data on water quality and crop yields were collected at this site from 1993 to 1995 as a part of this ongoing study. The following treatments of various combination of tillage, crop rotation, and N management systems have been established on these 40, one-acre plots at the Nashua site. 6. Alternative crop management practices of narrow strip cropping (that included com, soybean, and oats followed by N-fixing berseem clover cover crop) and N-free rotation of alfalfa-alfalfa-alfalfa-com-soybean-oats (treatments 8 & 9) . UAN was applied to com strip at IOO lb-N/ac rate. Table I lists the current farming systems at the site. Each treatment was replicated three times except treatments 8 and 9 which were replicated only two times. The N fertilizer {VAN) was applied in spring and swine manure was applied in the fall. The UAN (ureaammonium nitrate) was applied with a spoke injector for single spring and summer side dress applications for late spring N test. Liquid swine manure was injected in the fall and then plots were chisel plowed within a week to mix manure in the top 4-6 inches of soil.
This study was used to make comparisons between no-till and chisel plow, between late spring N test and single N applications of 100 and I20 lb/ac, between banding vs. broadcast of herbicides, between IOO lb/ac of N from inorganic fertilizer and swine manure, between crop rotations of continuous com and com-soybean, and their impacts on water quality. Also, we used atrazine and lasso as com herbicides and lasso and pursuit as soybean herbicides at recommended rates but under banding practice the herbicide rate was reduced to one thirds of the recommended rate. Proper credit for P and K were given to the plots receiving manure.
The amount of sidedress nitrogen applied on LSNT treatments was determined by a late spring soil nitrate test . Sixteen, 1-foot deep soil samples were taken from each plot when com was at the 6th leaf stage. Nitrogen fertilizer was added, if needed, to increase soil nitrate-N to 25 mg/1. The amount of nitrogen added ranged from 45 to 150 lb-N/ac. The no-till system typically required more nitrogen than the chisel plow system.
Swine manure was obtained from a manure pit under a growing/finishing building. Applying proper amounts of swine manure to reach target nitrogen levels was difficult. Fall1992 application rates of3500 gallac for CP-Manure and 4000 gallac for CC-Manure were based on published nutrient values of swine manure and assuming all ammonia and 50% of the organic nitrogen would be available for crop use the first year. Analysis of applied manure indicated that only 72 and 75 lb-N/ac were applied when target values were 100 and 120 lb-N/ac. Manure application in the fall of 1993 was increased to 7200 gal/ac for CP-Manure and 8500 gal/ac for CC-Manure based on manure samples collected from an agitated manure pit approximately one month prior to application. However, analysis of applied manure showed that application rates were two to three times greater than target levels. Manure application rates in the fall 1994 were based on average nutrient values of manure applied the two previous years. Unfortunately application rates were 249 to 448lb-N/ac, primarily because ammonia concentrations in the manure were extremely high at 5000 to 7000 mg/L.
Results and discussion
The research initiated during 1993 at the Iowa State University Northeast Center near Nashua, Iowa on the use of seven nitrogen management and two cropping systems for com and soybean production was continued through 1996, but this report presents data for three years (1993 to 1995) . Results are presented in metric measurements (1 inch = 2.54 em, 1 lb/ac = 1.12 kglha).
This paner summarizes three years of data (1993 through 1995) for comparison purposes. The first year ( 1993) of the experiment was an extremely wet year with more than 1 00 em of rainfall compared to a normal precipitation of 75 em at the experimental site. This kind of rainfall activity caused all tile lines to flow during most part of the growing season of 1993 . In 1994 and 1995, rainfall was near normal which resulted in many of the tile lines not to flow during the large part of the growing season. On the average, a total of 6 to 11 em of tile flow occurred in 1994 and 1995 compared to a total of25 to 38 em of tile flow in 1993 . These data on tile flow show that during years of normal precipitation, total tile flow was about 1/4 to 1/5 of the 1993 tile flow. These differences in precipitation patterns had significant impact on N03-N leaching to shallow groundwater and com yields. Near normal rainfall resulted in less N03-N leaching to shallow groundwater and higher N uptake by com.
Impact of liquid swine manure on N03-N leaching
Achieving the desired N application rates with the liquid swine manure continues to be one of the most challenging problems for not only the farmers, but also for the researchers. In the fall of 1992, we used two different sources of swine manure for land application on experimental plots. Manure samples were collected at the time of application to determine theN, P, and K contents. After the results were obtained from the laboratory, it was found that actual nitrogen application rates were equivalent to 72.9 lb-N/ac for continuous-com plots and 74.5 lb-N/ac for com plots under com-soybean rotation. To correct this problem on manure application rates, in 1993 we collected manure samples directly from the lagoon (after stirring the manure lagoon thoroughly) and calculated manure application rates of 7250 and 8500 gallons/ac to result application rates equivalent to 100 and 120 lb/ac of actual available nitrogen for rotation and continuous-com plots, respectively. Liquid manure samples were also taken in 1993 at the time of application in the field to make an estimate of actual application rates (liquid manure was injected in 1993 to all plots.) On the basis of laboratory analysis we determined later that actual nitrogen application rates in 1993 from manure application were equivalent to 250 lb-N/ac for continuous-com plots and 212 lb-N/ac for com plots under com-soybean rotation. The same procedure was used to estimate manure application rates in 1994 but resulted in 448 lb-N/ac for continuous com plots and 349 lb-N/ac for com plots under com-soybean rotation. This difficulty in applying the intended rates of N with swine manure had some impact on N03-N concentrations in tile water and com yields.
The difficulty in applying swine manure affected the N03-N leaching through subsurface drainage. In order to evaluate the effect of swine manure on N03-N leaching, comparisons were made using systems 6 and 7 (continuous corn, chisel plow, 120 lb/ac ofN), systems 4 and 5 (com plots, chisel plow, 100 lb/ac ofN), and systems 4 and 5 (soybean plots, notill when soybeans were planted, 0 lb/ac of N). Since the actual nitrogen applied to the manure plots was much higher than fertilizer plots during 1994 and 1995, the following comparisons do not provide a good test, but do demonstrate the results of problems associated with using swine manure as a nitrogen source. Although no nitrogen was applied to the soybean plots, the observed data illustrate the residual effect of manure and fertilizer applied from the previous years.
Subsurface drainage volumes were similar for systems 6 and 7 (continuous com, chisel plow, manure and non-manure plots) during the three years of study. Yearly average NOJ-N concentrations were near 1 0 mg/1 for the liquid fertilizer plots even though the drainage volume was four times greater in 1993. Concentrations in the manure plots increased from 10 mg/1 in 1993 to near 30 mg/1 in 1995 under continuous com production {Table 2). However, this large increase in average concentration was most likely due to the high manure application rates in 1994 and 1995. Annual nitrate-nitrogen loss was near 50 kg/ha for both manure and liquid fertilizer plots during 1993 due to the large drainage volume (Table 3 ). In 1995, total N03-N loss was near 40 kglha for the manure plots and 20 kg/ha for the liquid fertilizer plots; but the total applied N was almost four times greater on the manure plots. This shows that there is a potential for manure management practices for crop production and water quality benefits if right application rates could be applied for com production . However, in 1995 the manure plots had higher average concentration and nitrate-nitrogen loss which may illustrate the effects of the high manure application rate in 1994.
Effect of nitrogen management practices on N03-N leaching (Table 2) show that concentrations were lowest during years when soybean was planted and were highest under continuous com. These data suggest that crop rotation can be used to lower N03-N . concentrations in subsurface drainage water. Tables 2 and 3 show differences in annual N03-N concentrations and N03-N losses with drain water for various N management systems for com-soybean production system. Table 2 shows that both LSNT and single N application rate of IOO lb/ac resulted in overall average N03-N concentrations of about I 0 mg/1 in subsurface drainage water. Table 2 show that LSNT plots (in spite of higher total N applications) resulted in N03-N concentrations in drainage water quite similar to plots with single N application rate of IOO lb/ac. Table 3 shows that LSNT plots resulted in significantly lower N03-N losses with drainage water in comparison with single N application plots receiving I 00 lb/ac under no-tillage system. Table 2 shows that three years average N03-N concentrations of I0.3 mg/1 under LSNT was significantly higher in comparison with the 9. 6 mg/1 under single N application for chisel plow system. These results indicate that with LSNT and single N applications of 100 lb/ac it is quite possible to bring the N03-N concentrations in the drainage water quite close to or even below IO mg/1 (a drinking water standard).
Effect of late spring N03-N test (LSNT) on water quality:

Data in
Effect of strip crops and forage cropping system on water quality: Table 2 and 3 also show the effects of strip cropping and alfalfa crop on N03-N concentrations and N03-N losses with drainage water. Table 2 shows that the average yearly N03-N concentrations in the drainage water were always less than 7 .I mg/1 under both production systems. These results indicate clearly that forage and strip cropping systems could reduce N03-N concentrations in the drainage water well below the drinking water standard of I 0 mg/1.
Overall summary of nitrogen management systems on water quality: Figure 1 gives the three year average N03-N concentrations in the subsurface drainage water as a function of different N management systems studied in this project. Highest average N03-N concentration of 19.8 mg/1 in the drainage water was observed from manure plots under continuous-com production and the lowest average N03-N concentration of 2. 5 mg/1 was observed from plots under alfalfa (forage). Manured plots under com-soybean rotation resulted in average N03-N concentration of 13.4 mg/1. Chisel plow plots resulted in higher N03-N concentrations in drainage water compared with no-till plots under similar treatments (LSNT and single N application of 100 lb/ac or 112 kg/ha) . Also, although notill plots received higher amounts of N application (a total of 140 lb/ac) under LSNT in comparison to chisel plow plots (which received a total of 119 lb/ac) the average N03-N concentrations in drain water from no-till plots was 9.0 mg/1 in comparison to 11.3 mg/1 from chisel plow plots. These results indicate that several N management systems (LSNT, strip cropping, alfalfa crop, single N application at 100 lb/ac) could be used successfully to reduce the leaching ofN03-N to shallow groundwater Effect of N management systems on crop yields
Compared to natural systems, agricultural systems are extremely leaky, especially with regard toN. Recoveries of fertilizer N by com plants may derive up to 75% of their N from theN-pool created by mineralization of soil organic matter. Therefore, soil organic matter must be considered an important resource in agriecosystems that is capable of providing substantial amounts of N for crop growth. This may be especially true for agricultural systems where manure is applied as a source ofN. The com plant's need for N is greatest from about the middle of June to the middle of August in Iowa. Since com is obtaining up to three-quarters of its N from the mineralization of soil organic matter, then the change in mineralization potential between mid-June and mid-August should be correlated with observed crop N uptake. Figure 22 gives the three year average of com and soybean yields as a function of N management system. This figure shows that higher com yields were observed under the LSNT treatments for both no-till and chisel plow systems in comparison to the single N applications at 100 lb/ac (112 kg/ha) . Second highest com yield was obtained from manure plots under com-soybean rotation. The lowest com yields were observed under continuous-com production for both liquid UAN and manure applications. Soybean yields were similar and were not affected by N applications in com years. Yield data in Figure 2 show that both rotated and continuous com yields have been lower than the previous long-term average of 144 and 130 bu/ac, respectively.
When averaged for both chisel and no-till practices, the LSNT approach has consistently resulted in higher com grain yields than a preplant application of 100 lb N/ac. However, the LSNT predicted an average fertilizer requirement of 115 lb N/ac with some variation among years and between tillage treatments. The average soybean yields for systems 1 to 4 was 44 bu/ac for both chisel and no-till practices. This suggests that changing from row beans to drilled beans may not result in major soybean yield differences on the KenyonClyde-Floyd soils at this site. Yields were also similar for both herbicide treatments.
Summary
The results of this study indicate that we should put increased emphasis on the use of soil tests (like late spring nitrate test) to determine appropriate N application rates and give proper credit to N sources such as animal manure, soil residual nitrogen, and crop residue. Manure and fertilizer applications should be based on manure nutrient test and soil N test information to reduce N03-N leaching and increase plant N uptake for better yields. Animal manure should be applied to avoid excessive amounts of nutrients based on manure analysis.
The results of this study have clearly shown that the use of different cropping systems like strip crops and alfalfa can significantly reduce N03-N leaching to groundwater while increasing N self-sufficiency in sustainable cropping system. These cropping systems reduce N fertilizer costs for farmers and provide long-term N2 fixation for N selfsufficiency. Increased use of forage legumes will help in maintaining long-term sustainable farming systems. The following specific conclusions were drawn from this study.
1. Use oflower N application rates at 100 lb/ac (112 kglha) resulted in the lowest N03-N concentrations in subsurface drainage water in comparison to other six N management systems studied at this site like LSNT, manure applications, and higher N applications rates at 120 lb/ac.
2. Use of the late spring nitrate test (LSNT) resulted in the second lowest N03-N concentrations in the shallow groundwater under both no-till and chisel plow systems.
3. Different cropping systems like strip cropping and alfalfa resulted in the lowest N03-N concentrations ( <7 mg/1) in subsurface drainage water in comparison to all the practices evaluated at this research site.
4. Continuous com plots receiving swine manure applications resulted in significantly higher N03-N concentrations in subsurface drain water in comparison with manure applied com plots rotated with soybeans. The use of swine manure under com-soybean rotation has the potential to reduce negative water quality impacts with proper manure management.
5. The highest com yields were obtained with the -LSNT under chisel plow system. The second highest com yield was obtained from manure plots rotated soybeans . 
